Background: Knowledge of the composition of a surgical team is the premise for studying efficiency inside the operating room.
T he introduction of minimally invasive surgery has substantially changed the pattern of surgical practice inside the operating room (OR). 1 Built on image-guided technology, outcomes of a minimally invasive operation require surgeons to work within a collaborative team to complete the Bin Zheng, MD, PhD * Ormond N.M. Panton, MD * † Thamer A. Al-Tayeb, MD * task. [2] [3] [4] [5] [6] The awareness of surgical team quality and its impact on OR efficiency has considerably increased among surgeons and educators in Canada over the last decade. 7 In 2007, leading laparoscopic surgeons in Canada participated in a Consensus Conference on the Development of Training and Practice Standards in Advanced Minimally Invasive Surgery in Edmonton, Alberta. In the final report, they argued that surgeons should be trained in teams to maintain the quality of laparoscopic surgery. 7 Evidence has shown that not only do dedicated laparoscopic teams achieve better surgical outcomes with lower operating costs than teams formed ad hoc, but also that newly formed teams were more likely to encounter problems during laparoscopic surgeries. 3, 8 As attention to surgical quality has shifted from the individual to the team, data are needed to describe team composition, which forms the basis for studies in team communi cation and coordination in the OR. In a pilot study involving tertiary hospitals in the northwest United States, we revealed that a surgical team is often oversized and subjected to frequent member changes during a procedure. 9 Introducing a new team member to an ongoing procedure predicted a 15-minute increase in procedure length. 9 These results were obtained based on 360 pure laparoscopic procedures, a large percentage of which was foregut surgery, performed by a well-known laparoscopic surgeon.
In the present study, we aimed to quantitatively describe surgical team size in Canadian hospitals with a wider range of both open and laparoscopic procedures and to investigate the impact of team size on performance by Canadian surgical teams, as measured by procedure length. We hypothesized that increasing the size of the surgical team would have a significant negative impact on team performance, regardless of the complexity of the procedure and patient condition.
METHODS

Procedures
We reviewed general surgery procedures performed by a University of British Columbia (UBC) faculty surgeon at 2 tertiary hospitals located in the metropolitan district of Vancouver in 2007-08. The UBC Clinical Research Ethics Board (H09-01653) and Vancouver Coastal Health Research Institutes (V09-0261) approved our study.
Data collection
For procedures performed within the selected time frame, we examined intraoperative nursing records and noted the attendees present. We categorized attendees as surgeons (including surgical assistants, clinical fellows and residents), anesthesiologists, nurses (scrub and circulating) and other (radiologists, cardiologists, endoscopists, ultrasound technicians and industry representatives). We also recorded the patient's age, sex, preoperative American Society of Anesthesiologists (ASA) score, procedure type and procedure start time and end time.
Measures
The team size included all team members assigned to a procedure. For each procedure, the length was assessed by start time (the moment of making the first incision) and end time (closure of the surgical wounds).
To determine the complexity of a procedure, we develop ed an index for difficulty of surgery (IDS). The IDS was calculated using the relative value unit (RVU) of a performed procedure, defined by the Current Procedural Terminology established by the American Medical Association (AMA). 10 We obtained the RVUs for each procedure from the search engine on the AMA website. 10 For each clinical procedure, the RVU includes 3 components: physician's time spent preparing for and following up on the procedure, cost of the operation and professional liability insurance expenses. We used only the cost of the operation in our calculation. For example, laparoscopic Nissen fundoplication has an RVU of 938, and the RVU of a laparoscopic cholecystectomy is 624. In cases where 1 patient underwent multiple procedures, the RVU of the secondary procedure was multiplied by 0.5 and then added to the RVU of the primary procedure. For example, if laparoscopic Nissen fundoplication was followed by cholecystectomy, the total RVU would be 1350, or (624 × 0.5) + 938. For a reoperation, the RVU was multiplied by 1.25 because reoperations are more complicated than the initial procedure. For example, a reoperative Nissen fundoplication would have an RVU of 1173, or 938 × 1.25.
Once the RVU of each procedure was established, we then normalized the value to 100 by dividing the procedure RVU by the maximal RVU for general surgery, which was 3600. This relative score was the IDS of the procedure. Laparoscopic total esophagectomy had an IDS of 99, whereas the IDS for laparoscopic Nissen fundoplication and cholecystectomy were 26 and 17, respectively.
Statistical analysis
Data were analyzed in 2 steps. First, we described the total number of team members involved in each procedure. We further categorized team members by specialty group. We conducted descriptive analyses using SPSS version 11.0 (SPSS Inc.), and results are reported as minimum, maximum, mean, median and standard deviation (SD).
Second, multiple logistic regression analysis was performed to predict the change of a dependent variable (procedure length) from the change of 1 or more in dependent variables. The independent variables (predictors) included IDS, team size, patient age and ASA score. The RESEARCH last 2 variables (patient age and ASA score) were used to describe patient condition. We conducted a regression analysis using SPSS version 11.0 with hierarchic data entry. Specifically, we entered the IDS into the model first, team size second, and ASA score and patient age last. The order of data entry was determined by the correlation coefficients between each predictor and procedure length. The variable with the highest simple correlation was entered in the model first. We reported the results of our regression model using SPSS outputs, and we interpreted the results following guidelines by Howell.
11
RESULTS
We reviewed 640 procedures performed during the selected time frame; 53 were excluded because of incomplete surgical records (e.g., unknown procedure length, missing information on OR personnel or nursing records). As a result, our analysis was based on 587 procedures. Operations covered a wide range of general surgery procedures, including cholecystectomy, appendectomy, inguin al hernia repair and procedures for solid organs that were performed either open or laparoscopically.
Surgical team composition and size
The surgical team included surgeons, anesthesiologists, nurses and other observers (Fig. 1) . Table 1 Table 2 ). Data collected from these 2 Canadian hospitals show that 579 (99%) procedures were attended by either 1 or 2 anesthesiologists.
The mean number of nurses present per procedure was 4 ( Table 1 ). The anesthesiologists and surgeons assigned to a procedure normally stay for the entire operation, whereas nurses shift their duties for various reasons. As a result, we found that only 51 (9%) procedures were assisted by 1 or 2 nurses (Table 2) p < 0.001) correlated significantly with procedure length. Specifically, as the number of team members ( Fig. 2A) or the procedure complexity (Fig. 2B ) increased, the procedure length was prolonged. The procedure length correlated moderately with the number of surgeons (r = 0.40, p < 0.001) and nurses (r = 0.47, p < 0.001) on the team and correlated weakly with the number of anesthesiologists (r = 0.23, p < 0.001) on the team. We investigated the impact of team size, procedure complexity and patient condition on the team performance by performing a multiple regression analysis on the proced ure length (Table 3) .
When using IDS as the sole predictor (model 1 in Table 3 ), it accounted for 45% of the variability in procedure length (R 2 = 0.45). When team size was added as a second predictor (model 2 in Table 3 ), it accounted for 51% of the variability in procedure length (R 2 = 0.51). In other words, team size accounted for an additional 6% of the variability in procedure length. When ASA and patient age were added (model 3 in Table 3 ), the 4 predictors accounted for 53% of the variability in procedure length (R 2 = 0.53), which is reasonably high. However, from model 2 to model 3, adding patient age and ASA score only increased the variation in procedure length by 2% (Table 3) .
For each regression model, SPSS also reported standardized regression coefficients (β) alone with the partial regression coefficients (B, often called slop; Table 4 ). The β tells us to what degree each predictor affects the outcome when the effects of all other predictors are constant. 11 For example, in model 3, the β values of the IDS, team size, ASA score and patient age are 0.55, 0.24, 0.12 and -0100, respectively (Table 4) . This means that an increase in IDS of ) is the percentage of variance in the dependent variable explained collectively by all of the independent variables. F is used to determine the significance of using the model to predict procedure length compared with a "best guess." The p value is used to estimate the improvement of the model in predicting the change in procedure length. 
RESEARCH
1 unit (i.e., a difference of 1 SD of IDS, or a value of 12.1) would be associated with 0.552 units (i.e., 27.9 min, or 0.552 × 50.6) of variation in procedure length. This interpretation is valid when all other predictors in the equation (team size, ASA score and patient age) are constant. The factor with the second greatest impact on procedure length is team size: 1 unit of change in team size (i.e., 1 SD of team size, or 1.7 team members) would be associated with 0.24 units (i.e., 12.4 min, or 0.24 × 50.6) of change in procedure length. To make it simple for interpretation, every team member added would prolong the procedure by 7.3 minutes.
The ASA score had a mild impact on procedure length. Every 1 SD of ASA score (0.8 units, or 0.12 × 50.6) predicted a 6.3 minute change in procedure length. One ASA class change predicted an 8.8 minute change in procedure length. The impact of patient age on the procedure length was minor (data not shown).
DISCUSSION
The present study achieves 2 research goals: quantifying surgical team size and composition and examining the impact of team size on performance.
First, we have quantified the size and composition of teams performing general surgery operations in 2 Canadian hospitals. For a procedure with a mean length of 88 minutes, 8 health care providers were assigned to the operation. Surgeons and anesthesiologists made up half of the surgical team, and they were usually present for the entire operation. The other half of the surgical team consisted of nurses in 2 roles: scrub nurse and circulating nurse. We recorded a mean of 4 nurses joining the team per operation, indicating that each nursing role was performed by more than 1 nurse during the procedure. In fact, nurse shifting was commonly seen in the OR. 12 In some situations, such as a difficult procedure or a procedure starting later in the afternoon, as many as 7 nurses were involved in the operation. For a team with a high frequency of member turnover, better communication strategies are needed to keep team members sufficiently informed about task progression and patient condition. 13, 14 However, the results of the present study indicate that surgical teams in 2 Canadian hospitals failed to fix the problem that arose from team member replacement. Based on the evidence collected from our multiple regression analysis, we believe that methods to strengthen this weaker aspect of team cooperation need to be implemented.
Second, we examined the impact of surgical team size on performance. The data from our regression analysis revealed that a 7-minute delay could be explained by the addition of 1 team member, controlling for procedure complexity and patient condition. This finding is corroborated by our previous results from a study involving laparoscopic teams from 2 hospitals in the northwest United States, where a change in 1 team member was associated with a 15-minute change in procedure length. 9 The exact reasons for the differences in procedure length found in our 2 studies are difficult to determine. The data were extracted from different ORs in 2 institutes with different OR management systems. In addition, patients presented with different problems and were treated with different techniques. However, a simple and clear message from our 2 studies is that procedure length is affected directly and significantly by the frequent change of core team members. It is important for us to further explore why team changes happen and how to prevent the negative impact on team efficiency.
Studies of surgical team composition and its impact on performance are sporadic. 15 However, data from other industries show that an oversized team degrades performance and overall efficiency. In software engineering, productivity started to decrease when the number of team members working on the same project increased beyond a certain point. 16 Members in an oversized team encountered difficulty passing and receiving information and anticipating team mates' activities. Similar results were observed among emergency department teams during patient hand over. [17] [18] [19] The difficulty level of communication increased as the number of health care providers involved with patient care increased. 19, 20 When measures to improve interpersonal communication were used, miscommunication between team members was minimized, and error rates associated with health services were reduced. 21, 22 Based on evidence reported in the present study, we emphasize the importance of maintaining the stability of core team members, especially when a surgical procedure has a short operative duration. During difficult procedures with longer durations, we recommend implementing meas ures to reinforce the quality of communication among team members when role changes occur. One strategy we recommend is to formulate a time-out period when a new team member is introduced. During this time-out period, the team is required to relay information to the new member and ensure that all members are up to date regarding task goals, equipment used and the patient's condition. Eliminating ambiguity among team members should have a positive impact on the quality of service provided.
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CONCLUSION
We have described the size and the composition of surgical teams for general surgical procedures. We found that each addition to the operative team significantly increased procedure length, independent of other factors. Understanding the surgical team size and composition will allow us to design better educational tools for improving team composition and communication and better management strategies to optimize surgical teams and facilitate efficiency in the OR. Efforts to improve efficiency in the OR should focus on decreasing surgical team size and limiting unnecessary staff turnover.
